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AbatPaCt 


Thin  films  of  Pt,  vapor  deposited  on  an  oxidized  Ti  foil,  have  been 
utilized  as  models  of  high  surface  area  Pt/  Tioy  catalysts  which  snow  stront- 
metal-support  interactions  (S':SI).  Botii  fully  oxidized(Ti^^^^  and  partially 
reducedCsigiiif  icant  amounts  of  surfaces  were  studied.  As  a  function 
of  Pt  coverage,  the  development  of  bulk  Pt  chemisorption  characteristics 
occurs  at  significantly  lower  coverages  on  the  oxidized  substrate.  In 
particular,  at  a  given  Pt  coverage  there  is  less  chemisorption  of  both  CC 
and  K^on  the  reduced,  as  compared  to  the  oxidized,  TiOpand  the  desorption 
spectra  peak  at  lower  temperatures.  Ko  evidence  for  significant  differences 
in  the  chemical  state  of  the  Pt  is  found  by  XPS  and  AES.  We  propose  a 
model,  consistent  with  earlier  work  on  high  surface  area  Pt/TiOp  catalysts, 
in  which  the  morphology  of  the  Pt  on  the  reduced  catalysts  is  significantly 
flatter  (dominated  by  (ill)  terraces)  and  is  slightly  modified 
electronically,  as  compared  to  the  oxidized  sample,^ 


.V. 


Introciuction. 


Since  the  detailed  report  by  Tauster  et  al.  of  stror-  rr;ttal 

support  interactions  (SKSI )  in  several  systeris,  the  cause  of  this 
interesting  effect  has  been  an  area  of  great  activity  in  the  surface 
science-catalysis  community.  SMSI  is  characterized  by  the  loss  of  a 
supported  metal's  ability  to  chemisorb  CO  and  Hp.  Explanations  such  as 
metal  particle  morphology,  surface  contaminants,  encapsulation  of  metal 
particles  by  the  support,  and  charge  transfer  between  metal  anc  support  have 
been  proposed  to  explain  the  phenomena.  Experiments  conaucted  on  metal 
impregnated  oxide  powders,  the  actual  catalyst,  have  been  unable  to  control 
unambiguously  many  of  the  system  variables  and  thus  have  been  unable  to 
determine  the  cause(s)  for  SMSI.  UHV  studies  on  models  for  these  catalysts 
have  most  often  explored  the  electronic  structure  of  the  system  through 
electron  spectroscopy.  This  approach  has  sometimes  led  to  the  conclusion 
that  electrons  are  transferred  from  the  support  to  the  metal, 
without  the  supporting  chemisorption  studies  it  is  impossible  to  assign  this 
charge  transfer  as  the  cause  of  SMSI. 

In  the  experiments  presented  here  we  model  the  Pt/Ti02  catalyst  (both 
SMSI  and  non-SMSI )  in  UHV.  The  model  consists  of  various  amounts  of  Pt 
deposited  on  a  thin  film(«  50A°)  of  TiO^.  These  thin  films  and  the 
supporting  oxide  were  characterized  using  X-ray  photoelectron  spectroscopy 
(XPS)  and  Auger  electron  spectroscopy  (AES).  Tnermal  desorption 
spectroscopy  (TDS)  of  two  different  adsorbates, and  CC,  was  examined  and 
correlated  with  the  XPS  data. 


The  experiments  were  done  with 


a  modified  PHI  5^8  photoelectron 
spectrometer  that  has  been  describee  eleswhere.  The  system  pressure  was 
typically  in  3x10“^^  Torr.  XPS  spectra  were  taKen  using  a  Vacuum  Generators 
dual  anode  (Kg  and  Al)  x-ray  source,  operating  the  Kg  anode  at  2^0  VVatts. 
The  cylindrical  mirror  analyzer  (CMA)  was  operated  in  the  retard  mode  at  2b 
eV  pass  energy.  Thermal  desorption  spectra  were  obtained  using  a 
line-of-sight  geometry  with  a  multiplexed  quadrupole  mass  spectrometer. 

The  titanium  foil  was  mounted  using  Ta  leads  spotwelded  to  the  back  of 
the  foil.  The  sample  was  heated  resistively  with  a  programmable  DC  power 
supply  and  was  cooled  to  approximately  11  OK  with  liquid  nitrogen  cooling.  A 
chromel-alumel  thermocouple,  spot-welded  to  the  titanium  foil,  was  used  for 
temperature  measurement.  Surface  imipurities,  such  as  C,  Cl, and  S,  were 
removed  by  combined  Ar*  bombardment  and  high  temperature  oxidation. 

The  TiOp  fiini  was  formed  by  dosing  4000L  of  O2  at  625K.  These  oxidation 
conditions  led  to  an  oxide  film  that  gave  the  XPS  spectrum  shown  in  Fig.  1. 


The  observed  Ti(2p)  binding  energies  (BE)  of  HbB.d  and  eV  are 


indicative 

indicates 


of 

that 


TiOp.^^^  The  narrow  FVW;  (1.9  eV)  of  the  Ti(2p,,  )  peak 

d/p 

the  surface  region  is  dominated  by  Ti^"*^  species.  Using  an 


electron  mean  free  path  of  1l8^®^  for  the  Ti(2p)  electrons  we  calculate  a 


minimum  thickness  of  35^  for  the  TiO^  film.  Samples  prepared  in  tliis  manner 
are  referred  to  as  fully  oxidized  and  are  denoted  Ti02(ox). 

To  prepare  a  partially  reduced  TiOp  sample,  denoted  Ti02(red),  the 


fully  oxidized  sample  was  heated  in  vacuum  at  750K  for  about  5  minutes. 


Figure  1  shows  the  XPS  spectrum  of  a  typical  T102(red)  sample.  Tne  obvious 


low  BL 


E.'ioulcer  is.  gjc  Lc  ‘..-.l  orecenc-.  li-*.  :..crc  :0‘_c  rxLuCtioii  Bin,-.  I  ix 
to  a  concurrent  increase  in  the  intensity  of  this  snoulccr.  An  approxiniate 
deccnr,position  of  the  peak  snapo  indicates  about  2o;  of  tiic  total  Ti(2p) 
signal  originates  fron  Ti^*.  Tne  method  of  reduction,  heating  in  vacuum  at 
relative] y  low  temperatures,  is  expected  to  cause  diffusion  cf  oxygen  into 
the  Ti  foil,  leaving  the  surface  region  oxygen-deficient,  b'ithin  tiiis 
framework,  the  bulk  of  the  Ti02  film  is  more  highly  reduced  than  the  surface 
suggesting  that  the  actual  surface  concentration  of  Ti^"^  is  lower  that;  20%. 
Establishing  an  upper  limit  of  Ti^'*'  concentration  was  not  attempted  cue  to 
the  difficulties  involved  in  estimating  the  distribution  of  Ti^*  as  a 
function  of  distance  from  the  surface. 

Controlled  amounts  of  Pt  were  vapor  deposited  onto  the  oxidized  and 
reduced  Ti02  substrates.  The  Pt  doser  consisted  of  a  resistively  heated  V.‘ 
filament  wrapped  with  a  99.99%  Pt  wire.  The  temperature  of  the  Pt  was 
monitored  with  a  K/5/oRe“W/262Re  thermocouple  and  was  typically  held  constant 
to  within  3K  at  about  loOOK.  During  Pt  deposition,  the  oxidizea  foil 
substrate  was  placed  approximately  3  cm  from  the  doser  and  in  a  position 
that  gave  macroscopically  uniform  coverages  over  the  oxide  surface.  A 
typical  dose  rate  was  0.5  ML  min”^  as  determined  by  the  time  dependence  of 
the  relative  Auger  signals  of  Pt  and  Ti.  This  rate  was  easily  varied  by 
changing  either  doser  temperature  or  sample  position.  No  impurities  were 
found  by  AES  in  the  Pt  overlayer.  Figure  2  shows  a  typical  AES  spectrum  for 
multilayer  Pt  on  Ti02.  This  quality  was  obtained  only  after  considerable 
effort;  deposition  of  C  in  the  Pt  overlayers  was  a  particularly  troublesome 
problem.  Since  surface  carbon  is  known  to  suppress  chemisorption, it 
is  very  important  that  the  Pt  overlayer  be  free  of  it.  Moreover,  C  buildup 
would  lead  to  improper  determination  of  the  Pt  overlayer  thickness. 


hesults 


Figure  3  shows  the  behavior  of  Uio  Ti(;.y7)  and  Pt(ir3a)  ACF  sicaals  as  a 
function  of  Pt  dose  with  the  substrate  held  at  300K.  Data  for  depositiori 
onto  both  the  cxidizcd  and  reduced  substrates  are  included.  Growth  curves 
based  on  an  ideal  (layer-by-layer)  model  are  also  shown.  These  curves  are 
calculated  as  follows:  ’..'hen  the  first  monolayer  is  complete,  the  Ti(387  eV) 
signal  will  be  0.53  of  its  initial  value  as  calculated  using^^^^ 

^^^(d)  =  exp[-d/(X.j..cos  6)] 

In  this  equation  d  is  the  thickness  of  1  monolayer  (ML)  of  Pt  (P.^^l  R) , 
Ijj(d)  the  peak-to-peak  height  of  the  Ti(387)  signal,  1^°  the  initial  387  eV 
signal,  the  electron  inelastic  mean  free  path  (  8  R  for  a  337  eV 
electron^^*^ ^ ,  and  0  the  analyzer  acceptance  angle  (50®).  Tne  Pt(235) 
signal  for  1  ML  of  uniform  coverage  is  calculated  using  a  similar  equation 
with  Xp^  =  7  Although  the  assignment  of  mean  free  paths  is  not 
unambiguous,  these  values  are  reasonable  choices  for  this  system.  Between  C 
and  1  ML  coverage,  the  signals  are  assumed  to  change  linearly  with  Pt 
coverage.  The  same  equations  can  be  used  to  compute  attentuation  and  growth 
for  full  development  of  I>'  monolayers  with  linear  segments  between.  These 
linear  segments  are  shown  in  Fig.  3* 

Examination  of  Fig.  3  shows  the  growth  mode  is  nearly  ideal  for  the 
first  3HL  of  Pt.  The  fact  that  the  Ti  AES  points  lie  slightly  below  the 
calculated  curve  indicates  that  islanding  with  3D  particle  formation  is  not 
dominant  in  this  region.  The  deviation  is  probably  due  to  choice  of 
electron  inelastic  mean  free  path  lengths  since  islanding  would  cause  the 


points  to  lie  above  the  calculated  curve.  The  position  of  tr.-.  rt  AEif  data 
-bovc  the  ideal  growth  curve  is  also  indicative  of  an  irr.pro^icr  estiriatc  of 
electron  escape  length  for  the  Pt  Auger  electrons,  since  islanding  would 
cause  the  points  to  lie  below  the  calculated  curve.  At  Pt  coverages  >3^‘L 
Fig. 3  shows  islanding  to  be  more  prominant  since  the  Ti  data  points  lie 
above  and  the  Pt  data  points  are  more  nearly  on  the  calculated  curve. 

One  might  argue  that  ideal  growth  on  a  polycrystalline  foil  is  not  a 
valid  concept.  However,  the  data  does  qualitatively  support  ideal  growth 
behavior  in  the  low  coverage  regime.  Though  there  is  certainly  some  degree 
of  islanding,  our  simple  approach  surely  gives  a  close  approximation  for  the 
mean  Pt  thickness  in  the  system  and  shows  that  the  degree  of  islanding  is 
very  similar  on  the  oxidized  and  reduced  substrates. 

TDS  after  exposure  to  0.6L  at  120K  for  various  amounts  of  Pt 
supported  on  Ti02(ox)  is  shown  in  Fig.  *4.  This  exposure  was  chosen  to  keep 
the  background  levels  low  and  to  eliminate  ambiguities  related  to 
desorption  from  the  sample  mounting  leads.  These  were  particularly 
troublesome  in  determining  desorption  peaks  for  the  lov;cst  Pt  coverages.  Wo 
observed  no  change  in  desorption  peak  temperature,  300K,  as  a  function  of  Pt 
overlayer  thickness.  Comparison  of  the  K2  desorption  spectrum,  taken  at  the 
highest  Pt  coverage,  e  -  3.BML,  with  desorption  data  from  a  variety  of  Pt 
surfaces  shows  good  qualitative  agreement.  Desorption  of  H.,  from  sputtered 
unannealed  Pt(111)  gives  three  H2  desorption  peaks  (210,  310,  and 
3o0K).^^^^  Another  Pt(111)  study  found  H.,  desorption  peaks  at  293  and 
230K.^^^^  ^2  tdS  off  polycrystalline  Pt  gave  a  broad  desorption  peak  at 
33OK  with  shoulders  at  2*10  and  380K.^^^^  These  peak  temperatures  agree 
quite  well  with  our  multilayer  Pt  desorption  spectra  indicating  satisfactory 
reliability  in  our  TDS  results.  We  observed  no  further  change  in  either 


pi.;.,;  pocltior,  o:'  irit<  j:rat  t c.  p>i.ar:  arc.:  U  r  C,, 
indicate  th_t  bulK  Pt  properties  for  }i.j  c.ecr.i  serpt  i 
ML  on  this  fully  oxidized  surface. 


LhL.  Trie  Cl. 


on  arc  rcael'ied  at  f  3, 


Figure  also  shows  the  TPD  results  of  adsorption  cf  G.CL  onto  the 
platinized  TiO.,(red)  substrate.  In  contrast  to  the  TiG.,(ox)  sar.ple  there  is 
a  large,  75K,  upward  shift  in  the  peak  temperature  as  a  function  of  Pt 
coverage.  At  high  Pt  coverages  the  spectra  for  both  tne  oxicizeci  and 
reduced  forms  become  identical. 

^2  TDS  peak  areas  as  a  function  of  Pt  coverage  are  shown  in  Fig.  5  and 
are  normalized  to  desorption  from  the  high  coverage,  bulk  Pt,  case  (P°). 
For  both  samples  the  relative  peak  area  increases  linearly  with  Pt  coverage 
at  low  Pt  coverages.  However,  the  oxidized  sample  has  significantly  greater 
affinity  for  hydrogen.  For  example,  whereas  the  oxidized  sample  adsorbs 
nearly  'f0%  of  the  bulk  Pt  quantity  of  hydrogen  at  Op^  =  i.^ML,  the  reduced 
sample  adsorbs  only  22%.  This  tendency  is  also  reflected  in  the  coverage  of 
Pt  necessary  to  reach  P/P^  -  1.  The  Ti02(ox)  sample  reaches  this  point  at 
3.5  ML  of  Pt  but  the  reduced  sample  requires  5ML.  Reproducibility  is  quite 
satisfactory  as  is  Indicated  by  the  results  in  Fig.  for  two  separate 
samples  of  Ti02(red), 

TDS  experiments  were  also  performed  after  the  coadsorption  of  0.6L 
followed  by  1L  CO  at  120K  (Fig.  6).  Precoverage  of  hydrogen  has  no  effect 
on  the  CO  desorption  spectrum  and  TDS  will  not  be  discussed  further.  In 
the  CO  TDS  from  the  fully  oxidized  sample,  a  high  temperature  desorption 
peak  (520K)  grows  as  the  Pt  coverage  increases  and  is  saturated  at  ep^  = 
1.5ML.  There  is  also  an  upward  shift  (^OK)  in  the  low  temperature,  i4i40K, 
peak.  Comparing  our  TDS  results  with  results  obtained  from  various  Pt 


surfaces  shows  very  reasonable  agreement. 


CO  desorption  from 


;.oiycryr.t  Ft  ^:ivct  four  (n-j,  17.-,  -’it,  t:.. 

507K).  '  Since  we  cnly  ccclea  tc  1 1 L K  we  oic  not  ctserve  tn.  1 1 SK 

desorption  peak.  There  is  a  sr.all  peak  near  ISOK  but  it  is  distorted  by 

desorption  fron  the  leads.  The  hich  ten-.perature  peaks  have  roughly  the  sarr-e 
peak  area  ratios  as  that  observeo  for  polycrystallinc  however,  our 

peak  temperatures  are  shifted  by  about  25K  to  hither  values.  Other  CO  on  Pt 
desorption  data  is  similar.  Desorption  peaks  of  ^430  and  5>35K  were  observed 
for  the  Pt(no)  surface.  ^ Pt( 111 ) ,  6(  1 1 1  )x(  100)  and  6(  1 11  )x(  1 1 1  )  all 


give  peaks  at  it20K  and  530K.' 


Tnese  results  support  our  interpretation 


of  the  data  in  terms  of  bulk  Pt  behavior  at  high  Pt  coverages. 

Turning  to  the  eoadsorption  of  and  CO  on  the  partially  reducea 
sample,  a  much  larger  coverage  of  Pt  is  necessary  to  acquire  the  high 
temperature  CO  desorption  peak.  Examination  of  Fig. 6  shows  that  even  at 

=  2.8  ML  the  high  temperature  CO  peak  is  not  present,  Moreover,  for 
®Pt  =  the  CO  desorption  has  not  acquired  the  bulk  Pt  TDS  profile,  as 
evidenced  by  the  ratio  of  the  two  high  temperature  peaks.  More  desorption 
occurs  in  the  I8O-30OK  region  on  this  reduced  sample.  The  peak  area  of  this 
low  temperature  region  decreases  almost  linearly  with  increasing  Pt  coverage 
until  Op^  s  2  ML.  For  higher  Pt  coverages  the  peak  areas  in  the  low 
temperature  region  are  equal  on  the  oxidized  and  reduced  samples.  Clearly, 
CO  uptake  is  suppressed  on  the  reduced  sample. 


By  measuring  the  peak  positions  of  both  XPS  and  Auger  transitions  in 
the  X-ray  excited  electron  spectra,  Auger  parameters^ were  calculated 
for  Pt/Ti02(red)  and  Pt/Ti02(ox)  and  are  listed  in  Table  I.  These 
calculations  are  based  on  comparison  of  the  data  for  =0.5  and  8  ML,  the 
latter  coverage  being  equivalent  to  bulk  Pt.  The  initial  state  chemical 
shift,  AE,  and  final  state  relaxation  shift,  AR,  are  shown  for  the  two 
different  platinized  subtrates.  Values  were  calculated  using  the  equations: 


A(BE)  -  AE  -  AR  -  AF- 


be..  Ung 


A(KE)  -  -  AE  +  3AR  +  AE 


bending 


where  represents  the  change  in  measured  energy  due  to  band 
bending.  The  validity  of  these  equations  has  been  the  subject  of  much 
debate.  Recent  work  indicates  that  corrections  of  up  to  3  eV  are  warranted 
in  some  situations. We  will  not  attempt  to  address  the  accuracy  of  the 
simplifying  assumptions  from  which  these  equations  are  derived.  In  spite  of 
the  difficulties  of  interpretation,  the  comparison  of  the  two  very  similar 
systems  discussed  here  is  justified  in  the  sense  that  differences  in  the 
values  of  AE  will  reflect  different  Pt/Ti02  electronic  structures. 

As  is  evident  from  the  data  of  Table  I  there  is  essentially  no 
difference  in  the  amount  of  initial  state  chemical  shift  for  the  two 
samples.  ^^bending*  which  would  reflect  changes  in  the  underlying  oxide  in 
passing  from  low  to  high  coverages  of  Pt,  was  assumed  to  be  equal  to  zero 
for  both  the  reduced  and  oxidized  samples  based  on  the  fact  that  no  BE 
change  in  either  the  Ti(2p2/2)  o*'  valence  levels  (by  UPS)  were  observed 
as  the  Pt  coverage  changed. 
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Tnc  quoted  cxpcrir.entt]  error  of  +_  i..<.  c-V  w,.;  ooviilof.  Lj  oirr.j-le  prcjucatic: 
of  error  using  C.1  eV  as  the  uncertainty  in  the  XPS  and  AES  measurerients. 
Thus,  we  conclude  that  the  difference  in  the  amount  of  cnarge  transfer  in 
the  two  systems  is  negligible. 


Discussion 

Tne  TDS  experiments  show  that  introduction  of  Ti^"'’  into  the  TiO^ 
lattice  has  a  large  effect  on  the  chemisorption  properties  of  a  Pt 
overlayer.  Hydrogen  chemisorption  is  suppressed  and  peak  desorption 
temperatures  are  lowered  when  the  substrate  is  reduced  (Ti^^  is  introduced) 
prior  to  Pt  deposition.  CG  desorption  profiles  are  also  altered  upon 
substrate  reduction;  a  new  low  temperature  desorption  state  appears  and  the 
highest  temperature  desorption  peak  disappears.  These  results  are 
characteristic  of  SKSI  and  show  that  we  have  successfully  modelled  an  SMSI 
catalyst. 

Several  explanations  for  the  observed  SMSI  chemisorption  effects  have 
been  offered.  One  involves  contamination  of  the  Pt  overlayer.  Carbon 
contamination  can  be  a  problem  when  vapor  depositing  Pt  and  small  amounts  of 
it  can  cause  a  significant  change  in  the  CO  and  desorption  spectra.  In 
earlier  work^^^^  we  reported  neither  CO  nor  chemisorption  for  Pt 
coverages  of  3ML  or  less.  With  improved  TDS  sensitivity,  these  experiments 
were  repeated  and  expanded  in  this  work,  and  were  shown  to  be  in  error  due 
to  C  contamination  in  the  Pt  overlayer.  Surface  carbon  has  the  dual  effect 
of  causing  an  error  in  the  calibration  of  the  Pt  overlayer  thickness  and 


suppressing  chemisorption. 


Contamination  effects  were  successfully 


eliminated  in  the  present  experiments  through  a  series  of  changes  in  the 
construction  of  the  Pt  doser.  Careful  AES  analysis  indicated  no  carbon 


tX' 

c.'ntardMctic:.. 

Anotr.cr  pc'Stulrited  expianaticn  for  S''.?!  io  trc  forr.aticr:  of  Pt-TiC  . 

•  ^ 

bonds  and  the  consequent  change  in  chemisorption  because  of  alteration  cf 
the  Pt  atoms  involved. Tne  results  of  Fi£.  b  discount  this  as  the 
direct  and  only  cause.  If  a  local  Pt-Ti  bond  was  responsible  for  the 
alteration  in  Pt  chemisorption  properties  then  the  effect  should  extend  over 
only  1-2KL  of  Pt.  However,  from  Fig.  5  it  is  clear  that  the  SMSI  effect 
extends  over  more  than  MML  since  the  curves(ox.  and  red.)  do  not  coincide 
until  coverages  of  at  least  5f'L  of  Pt  are  reached.  This  eliminates  a  local 
Pt-Ti  bond  as  the  sole  cause  for  SMSI.  This  conclusion  is  supported  by 

EXAFS  data  where  no  Pt-Ti  or  Pt-0  bond  distance  could  be  observed  with  a 

coordination  number  greater  than  0.5,  the  limit  of  EXAFS  sensitivity. 

Another  often  postulated  cause  of  SMSI  is  charge  transfer  from  the 
support  to  the  metal.'  *  ’  We  detected  no  significant  difference  in  the 

binding  energy  of  the  Pt  core  level  when  the  reduced  and  oxidized  substrates 
were  compared  and  conclude  that  there  is  no  support  for  a  detectable 

difference  in  the  oxidation  number  of  Pt.  This  result  is  somewhat  different 
from  other  work  done  on  single  cyrstal  SrTiO^j''""  and  for  Ni/TiO.^ 

j  •- 

systems. Our  work  is  in  good  agreement  with  Huizinga^^^^  who  finds  no 
differences  in  reduced  and  oxidized  Pt/Ti02  powder  systems  by  XPS.  Huizinga 
suggests  that  the  conclusions  drawn  in  the  Pt/SrTiO^  and  I.'i/Ti02  work 
mentioned  above  are  the  result  of  difficulties  in  the  interpretation  of 
calculated  Auger  parameters.  It  is  worth  noting  that  the  extended  range  of 
the  suppressed  chemisorption  indicated  in  Fig.  5  is  strong  evidence  against 
the  charge  transfer  model  because  charge  screening  lengths  in  metallic 
systems  are  no  more  than  one  lattice  spacing. 

TIO2  migration  and  subsequent  encapsulation  of  the  Pt  overlayer  is  a 


fourlji  possible  txplar*atiori  for  the  obeervec  cfTccte.  Trie  effect 
co'Jld  very  v,cll  be  a  rajor  cor.lribjtor  tc  Si:SI  in  ponder  catalyst  samples 
which  have  been  subjected  to  lone  and  high  temperature  reduction  processes. 
However,  the  samples  investigated  here  are  not  cxpecteo  tc  be  subject  to 
this  effect  since  the  temperatures  of  Pt  deposition  were  never  higher  than 
300K.  If  encapsulation  is  occurring  then  it  most  likely  happens  as  the  hot 
gas  phase  Pt  atoms  strike  the  surface  curing  deposition.  We  expect  this 
would  occur  to  about  the  same  extent  on  both  the  reduced  and  oxidized 
samples  since  the  near-surface  region  probably  has  about  the  same  structure 
for  both  samples.  Modeling  of  the  experimental  Pt  AES  growth  curve  was 
performed  to  determine  the  extent  to  which  encapsulation  could  differ  on  the 
two  different  substrates  without  being  detected.  Very  conservatively,  these 
calculations  indicate  that  the  extent  of  migration  could  not  exceed  0.25ML 

of  TIO^  in  any  case  without  being  detectable.  Thus,  wl,lle  we  can  not 
eliminate  encapsulation  on  the  reduced  substrate  as  the  cause  of  SIISI,  it 
seems  unlikely  under  our  conditions. 

In  audition  to  encapsulation,  other  Pt  ovcrlayer  morphology  differences 
could  exist.  For  the  substrates  prepared  here,  small  differences  in  the 
arnount  of  islanding  or  the  structure  of  the  islands  could  be  a  major 
contributor  to  S^iSl.  Since  an  oxidized  polycrystalline  T1  foil  is  used  to 
support  tne  Pt  in  our  experiments,  we  dc  not  expect  long  rai.ge  order  and/or 
ideal  epitaxial  growth  of  Pt  on  the  substrate.  Moreover,  the  local 
structure  of  the  oxide  surface  is  probably  changed  (both  atomically  and 
electronically)  in  passing  from  the  fully  oxidized  to  the  partially  reduced 
cases.  Even  though  tr  AES  growth  curves  (Fig.  3)  show  nc  significant 
differences  in  the  twt  ir  es,  this  is  not  a  strong  constraint  and  the 
detailed  local  structure  •.  je  significantly  different.  If  we  attempt  to 


differtrices  i.’i  3L  of  ft  particles,  t'riLn  wt  musL  conduce  that  70? 
fewer  Pt  atorr.o  are  exposed  on  the  reduced  surface.  Differences  in  ^.rovvtii 
mode  of  this  naDnitude  would  certainly  be  detectable  in  the  AEe.  crov;th 
curves  and  we  conclude  that  the  suppression  of  chemisorption  can  net  be 
attributed  entirely  to  this  cause. 

Another  difference  in  the  Pt  on  tlie  two  supports  could  be  the  surface 
structure  of  the  Pt  particles  as  opposed  to  tneir  overall  size  or  thickness. 
Usirifc  electron  microscopy.  Baker  et.  showed  that  Pt  on  reduced 
TiC^  powder  catalysts  has  a  flat  pillbox  morphology  as  opposed  to 
hemispherical  particles  on  the  oxidized  catalyst. 

The  idea  of  a  pillbox  morphology  on  the  reduced  substrate  is  further 
supported  by  FTIR  work  done  by  Tanaka  and  V.'hite^^^^  wlio  investigated  CO 
stretching  frequencies  for  CO  adsorbed  on  both  reduced  and  oxidized  Pt/Ti02 
powders.  Upon  reduction,  they  observed  preferential  loss  of  a  CO  stretching 
frequency  attributed  to  CO  bound  at  step  sites  on  Pt  and  argued  that 
reduction  of  the  catalyst  lead  to  a  Pt  morphology  dominated  by  close-packed 
(111)  terrace  sites.  It  is  important  to  note  that  they  also  observed  a 
decreased  intensity  in  other  CO  stretching  bands  indicating  an  overall  loss 
in  CO  uptake. 

In  light  of  these  results,  the  following  interpretation  of  our  data  is 
proposed.  Pt  deposited  on  the  reduced  surface  tends  to  grow  with  a 
close-packed  geometry  whereas  on  the  oxidized  surface  the  tendency  is  toward 
rougher  (higher  Miller  index)  surfaces.  These  modes  are  governed  by  small 
changes  in  the  character  of  the  Pt/TiO^  Interaction  at  very  low  coverages. 
These  initial  interaction  differences,  which  are  assumed  to  control  the  kind 
of  metal  surface  structure  formed,  become  insignificant  only  after  several 
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i'.L  of  Pt  iiovt  bocn  depcsiteo.  i.'oi-  Phc  ai^i-  1-:  .-^rerc-lurL 

CO  desorpt-ior.  peak  car.  be  attributec  to  ceserptio;'.  of  CC  fi  c::  cte,  oitvo. 
Triis  assumption  is  based  on  Hr.EEL'',  and  TL-S  v;or't.  by  li-Clt  llan  anu  Gland  lor 
CO  adsorption  on  e  PL(321)  surface. ^21)  j^ry  attribute  a  hijh 
temperature(5^6K)  CO  desorption  state  to  desorption  i'rorr,  step  sites.  On 
this  basis,  one  would  expect  high  temperature  peaks  to  be  Etron£,er  on 
oxidized  than  reduced  samples  as  observed.  As  is  evident  from  Fig.  6,  .more 
than  3ML  of  Pt  are  required  before  a  high  temperature  CO  desorption  state  is 
seen  for  the  reduced  Ti02  sample. 

These  morphology  differences,  by  themseleves,  can  not  account  for  all 
the  observations.  Nonstepped  Pt  surfaces  such  as  Pt(111)  and  Pt(110)  have 
desorption  states  in  the  400-550K  region.  Therefore,  even  if  the  Pt 

overlayer  morphology  changes  to  the  flatter  structure  upon  reduction,  it 
should  still  show  CO  desorption  in  the  high  temperature  regime.  To  account 
for  the  full  loss  of  the  high  temperature  CO  desorption  on  the  reduced 
samples,  we  propose  that  there  is,  particulary  at  low  coverages,  an 
electronic  interaction  between  the  Pt  and  the  reduced  support  that  alters 
slightly  the  state  of  the  Pt  and  lowers  the  strength  of  the  Pt-CO  bond.  Our 
XPS  data  shows  that  this  interaction  cannot  be  explained  as  feimple  charge 
transfer  between  support  and  metal.  Using  UPS  and  ELS  we  were  unable  to 
detect  any  significant  differences  in  the  valence  electronic  stucture  of  the 
oxidized  and  reduced  Pt/TiC^  systems,  but  further  work  with  better 
sensitivity  and  resolution  is  needed.  The  electronic  effects  seem  to  be 
fairly  short-ranged  as  evidenced  by  monitoring  the  peak  area  of  the  low 
temperature  CO  desorption  peaks.  At  Pt  coverages  of  2KL  the  low  temperature 
desorption  region  for  the  reduced  sample  is  the  sane  as  for  bulk  Pt  (both 
shape  and  area).  This  can  be  taken  as  a  rough  guide  to  the  extent  of  the 


simultaneously,  further  speculation  about  tiicir  origin  and  interrelation  is 
not  warranted. 

Conclusions 

From  the  data  presented  here  we  draw  the  following  conclusions: 

1 )  An  SMSI  catalyst  can  be  successfully  modelled  using  low  surface  area  thin 
films  of  oxidized  Ti  metal  with  controlled  amounts  of  Pt  vapor-deposited 
thereon. 

2)  Suppression  of  CO  and  H2  chemisorption  on  reduced,  as  compared  to  fully 
oxidized  titania  films  with  Pt  overlayers,  is  interpreted  in  terms  of  two 
factors:  (a)  flatter  Pt  particle  morphology  on  the  reduced  samples  and  (b)  a 
different  electronic  interaction  between  the  Pt  and  Ti02  which,  at  low  Pt 
coverages,  suppresses  CC  and  H2  chemisorption. 

3)  Auger  parameter  measurements  indicate  that  the  electronic  interaction  is 
not  the  result  of  a  simple  charge  transfer. 
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TABLE  I 


Substrate 

A5E(oV)^^ 

AKL(eV) 

AE(eV) 

AK(eV) 

+  0.5 

-  1.^ 

+  0.1 

-  0.A5 

TiOp(red) 

+  o.i; 

-  1.^ 

-  0.1 

-  0.5 

a.  ABE  and 

AKE  are 

calculated 

by  takinji  the  difference  between 

measurements  for  Bp^.  =  8  and  0.5  ML. 
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Fig'jre  CLptions 


Figure  1;  XPS  of  Ti(^’p)  recion  for  TiO,,(ox)  and  TiC-Cred). 

Figure  2:  AES  of  multilayer  Pt  deposited  or.  TiO^Cox). 

Figure  3:  Ti(387),  open  symbols,  and  Pt(235),  closed  symbols,  AES  signals 
vs.  Pt  dose  on  Ti02(ox),  triangles,  and  Ti02(red),  circles.  Calculated 
ideal  growth(layer-by-layer)  curve  is  indicated  by  the  solid  curves. 

Figure  li;  tDS  of  O.GL  H2  adsorbed  at  13OK.  Each  spectrum  is  labeled  with 
coverage  of  Pt  (ML)  aeposited  on  the  TiC2  substrate  prior  to  the  desorption 
experiment. 

Figure  5:  Relative  peak  areas  for  H2  desorption  from  platinized 
Ti02(ox) , triangles,  and  Ti02(red),  circles.  Filled  and  open  circles 
represent  2  different  experiments  on  Ti02(red).  Adsorption  conditions  were 
the  same  as  for  Fig. 

Figure  6;  CO  TDS  of  1L  CC  coadsorbed  with  0.6L  H2  at  130K.  Each  spectrum  is 
labelled  with  the  coverage  of  Pt  deposited  onto  the  Ti02  substrate  prior  to 
the  desorption  experiment. 
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